We examined alternative hypotheses for the benefits of footdrumming in the presence of snakes by the banner-tailed kangaroo rat, Dipodomys spectabilis, by testing whether the target of the signal includes conspecifics, the predator or both. Footdrumming recorded in the field revealed that rats altered their footdrumming signatures when drumming at snakes. In playback tests, however, neighbors failed to show any measurable change in behavior to broadcasts of die snake drumming pattern, but mothers footdrummed significantly more than nonmothers in the presence of a tethered snake. Gopher snakes, Pituophis •mdanoUucus affinis, responded to footdrumming vibrations created by a mechanical thumper. Nonhungry snakes avoided footdrumming, while hungry snakes approached the seismic footdrumming. Snakes decreased stalking rates as footdrummmg increased, but they spent more time stalking drumming than nondnimming rats. We conclude that D. spectabilis footdrums in individual defense and in parental care, rather than to warn adult conspedfics. Footdrumming deters pursuit by informing die snake that die rat is alert and the chances of predation are low. We find little evidence that footdrumming startles, confuses, or harasses die snake. Hungry gopher snakes, however, may locate prey by eavesdropping on territorial footdrumming. Key words: antipredator behavior, communication, deterrence, Dipodomys spectabilis, footdrumming, kangaroo rat, pursuit, snakes. (Randall, 1984 (Randall, , 1991 . A single rat occupies a mound, unless it is a female with young, and defends die territory by chasing away intruders. The rats communicate territorial ownership to conspecific neighbors widi individually distinct footdrumming signatures, which they can discriminate as coming from a familiar neighbor or unfamiliar stranger (Randall, 1989 (Randall, , 1994 (Randall, , 1995 .
perience (Owings and Coss, 1977; Owings and Loughry, 1985; Tamura 1989 ), young rats may be more vulnerable to snakes dian adults and benefit from protection by their mothen (Hennessy and Owings, 1988) . Female D. spectabiUs have young rats in the mound during die summer when snakes are abundant (Randall, 1991) . Footdrumming could inform die offspring directly of danger, or die drumming might assemble adults for snake-directed mobbing (Klump and Shalter, 1984; Owings et aL, 1986) .
Alarm signals can also benefit die prey by reducing die alarmist's vulnerability (Triven, 1971 ). Conspecifics could be die target, while die drummer benefits (Hersek and Owings, 1993; Sherman, 1985) , or die target of die drumming could be die predator. Alarm calls function in individual defense when they are directed toward die predator to cause it to abandon the attack on die individual exhibiting die behavior (Buder and Roper, 1994; Caro, 1995 Caro, , 1986a Caro et aL, 1995; Klump and Shalter, 1984) .
We examined alternative hypotheses about die benefit of footdrumming in die presence of «nalr<»T by die banner-tailed kangaroo rat by testing whether die target of die signal includes conspedfics, die predator, or both (Caro, 1986a Klump and Shalter, 1984) . First, because snakes rely on crypsis to ambush their prey (Raddiffe et al., 1986; Sweet, 1985) , we predicted that footdrumming informs die snake of detection and diat die chances of ambush are thwarted (Woodland et aL, 1980) . Second, we predicted that die rats footdrum to advertise their alertness and awareness of die snake and to communicate that continued pursuit is costly (Caro, 1995) . Third, footdrumming could inform die snake that die rat is healthy and can out-maneuver it (Caro, 1995; FitzGibbon and Fanshaw, 1988) . Finally, footdrumming may confuse, startle, or harass the snake so the rat can escape. Footdnunming might be «ixnilar to mobbing, in which an individual rat fbotdrums to harass a snake to cause it to leave (Loughry, 1987; Owings and Loughry, 1985; Tamura, 1989) .
METHODS

Footdrmmning directed to cosspedfica
Study sites and animals We tested kangaroo rats on two study sites in southeastern Arizona, USA. Data collected from 1986 to 1992 were from a population of D. sptctabi&s on a 3.6-ha site established near Portal, Arizona, in 1980 (Randall, 1984) . Data collected in 1993 were from a site in an arid grassland about 50 km southeast of the Portal site (Jones, 1984) . Populations on the Portal site ranged from 23 rats in 1986 to 35 rats in 1989 with mounds that averaged 20-40 m apart (see Randall, 1995 , for details). The 54 animals (21 adult females, 16 adult males, and 17 juveniles) on the second site averaged 35 m apart in 1993.
We tethered 430-731 g Arizona gopher snakes, P. m. affinis, at the mounds of kangaroo rats to elicit footdnimming. A tether consisted of a strip of nylon underwrap wound around the snake about 20 cm behind the head to prevent damage to the snake's skin while providing a slip-free surface on which to wrap a strip of adhesive tape and to tie monofilament nylon lines (see Randall and Stevens, 1987 , for more details). We r" 3 " | " |1 y manipulated the snake's position with the monofilament line until 1990, when we tied the snake between two stakes about 0.6 m apart so it could move and strike.
Observations of behavior
We used the same procedures in all tests. An observer in a chair 10-15 m from the mound watched the test subject with binoculars or, after 1991, a night-vision scope (Noctron V) mounted on a tripod. The mound was illuminated by moonlight or by a dim light from a lantern on a 2-m high tripod set at least 10 m from the mound. Behavior was described by speaking into a hand-held tape recorder. All rats were habituated to the observer presence and the dim lights for a minimum of 4 h on a night before a test.
Fooidruwtming signals
We compared footdnunming in the territorial (social) and snake (antipredator) contexts of 15 solitary rats (10 males and 5 females) and 6 females with young for changes in the signal elements that compose the footdnimming pattern. We recorded footdrumming during spontaneous territorial drumming and in response to a snake in 1986, 1988, 1991, 1992, and 1993 . Three recordings occurred during natural interactions between a rat and snake; the other recordings were obtained after tethering a gopher snake. Drumming of seven rats was recorded in both contexts on the same night; drumming of the remaining rats was recorded on different nights a Tna-riT"'"" of 2 weeks apart We used the same recording procedures and data analysis as reported in Randall (1989 Randall ( , 1994 Randall ( , 1995 . We recorded footdrumming with Uher tape recorders at a tape speed of 9.5 cm/s with a 25-dB preamplifier via geophones placed on the mound near a burrow entrance. We digitized multiple sequences of footdrumming for each individual and counted and measured signal elements in the footdrumming pattern that are known to account for individual differences in the territorial footdrumming signatures (Randall, 1989 (Randall, , 1995 . The /Statistic associated with Wilts' lambda was used to test for differences in the footdnimming elements of an individual in the two contexts. If a significant result was found, the univariate /kests determined which signal element! differed (SYSTAT MANOVA; Wilkinson, 1990 ).
PtaybaA Usts
We conducted two playback tests with slightly different methods to determine whether rats differentiated territorial footdrumming from antipredator drumming. In July 1989, we compared responses of 15 adult D. sptctabilxs (5 males and 10 females) to three playback stimuli: (1) footdnimming in the presence of snakes, (2) the territorial signature of the same rat, and (3) a control of short bouts of single thumps of a hammer hitting the ground at a rate of about 8/s. We used original recordings of three rats, recorded in both the territorial and snake contexts in 1987, in five playbacks each. Footdrumming patterns differed in one or more «ignni elements from the footdrumming pattern of the nearest neighbor (Randall, 1994) .
We broadcast the three drumming stimuli in a counterbalanced order on the same night into an apparatus that generated both airborne and seismic sound (Randall, 1994) . The output of a Uher recorder passed through a car radio amplifier into a voice coil analyzer that transmitted the vibrations through a fiberglass horn with trimmed edges buried face down into the ground 2 m from the base of the mound. The rat was out of the mound and engaged in normal activity for at least 5 min before the playback began. Each playback lasted 10 min, with a 10-min post-test observation and 20-min rest period in between so that a total of 30 min occurred between each stimulus presentation. We set signal amplitude to mimic the sound of natural footdrumming in the mound and equated the length of drumming during each playback.
We recorded all footdrumming responses from the test subject and from neighbors at adjacent mounds and counted the number of footrolls from the tapes. We also tabulated the number of approaches to within 1 m of the speaker and the time spent out of die burrow. Data were analyzed, after log transformations, with a repeated-measures ANOVA (SYSTAT) in a 3X2 design: three playback stimuli (hammer, snake, and territorial footdrumming patterns) and two test periods (playback and post-test). We report multivariate /Statistics when possible because assumptions of homogenous variances and compound symmetry are not required (Wilkinson, 1990) . Critical levels of post-hoc t tests were corrected by the Bonferroni pairwise procedure. If data could not be normalized, we combined data from the test and post-test periods and analyzed for different responses to the three playback stimuli with nonparametric statistics.
In July 1992, we tested four females and six males for their response to playbacks of the snake and territorial footdrumming of neighbors at adjacent mounds. Playback recordings of 4 neighbors were used once and 3 were used twice in the 10 playback tests. Procedures were similar to those used in playbacks in other studies (Randall, 1994) . We broadcast the territorial and snake footdrumming of neighbors in a counterbalanced order via separate 60-s tape loops from a cassettetape recorder through a battery-operated Realistic-brand speaker (RadioShack) placed on the edge of the neighbor's mound facing the mound of the test subject Drumming on the tape loops occurred 10-15 s apart with approximately 30 s of drumming each 60-« revolution of the loop.
Each playback began with a 10-min pretest for observations of baseline behavior, followed by a 10-min playback and a 10-min post-test A 10-min rest period preceded the next baseline observation. We recorded footdrumming and counted footrolls from the tapes and tabulated the number of alert postures and the time spent out of the burrow. We analyzed data in a 2x3 (two playbacks and three test periods) design with the same statistical procedures used in the earlier playback experiment
Footdrumming to warn offspring We tested 10 mothers and 7 nonmothers for their responses to tethered gopher snakes in their territories from 3 to 14 June 1993 (Table 2) . We trapped at mounds of these females before and after the tests and agaia from 14 to 25 July to determine the presence of pups. The trapping evidence, observations, and vanning for the presence of umall, unmarked rats revealed that the 10 mothers had young in the mound at the time of testing ranging in age from about 1 week to 4 month*. The older juveniles of five females weighed 75-120 g and were estimated to be 25-4 months old. Because rats of these ages are known to footdrum at snakes (Randall and Stevens, 1987), we removed them from the mound during a test to assure that the animal drumming jp»nH^ the mound was the mother. Four of these five females had a second litter of small pups in the mound. The other five females also had one or two pups in die burrow about 4-5 weeks old, which is the age of first emergence. Pups of this age do not appear able to footdrum with any consistency. We tethered a gopher snake at the base of the mound 2-3 m from the female's main burrow entrance as determined by observed activity of the rat The 10-min test began when the rat emerged from the burrow and approached the snake. We recorded the frequencies of all behavior, tabulated time with a stop watch, and compared the behavior of mothers and nonmothers with nonparametric tests. Footdrumming was recorded continuously during the tests, and footrolls were counted from the tapes. We later analyzed for differences in footdrumming patterns in the territorial and snake contexts for six mothers widi the same procedures described above.
Frtrtf oriiiiHiilinT 4? lrTCtfn tO 8BJUKC8 o
Study animals
We tested 42 P. m, affinis in the laboratory and field from 1990 to 1993. All snakes were captured by hand from a 40-km radius near Portal, Arizona, USA. In the laboratory, each snake occupied a wood and glass terrarrum measuring 70 X 55 X 40 cm with 4-5 cm of fine wood substrate in a windowless room with an average temperature of 24°C and a 12:12 h light:dark cycle. When not in an experiment, we offered snakes live mice weekly, which was important to maintain natural hunting behavior. We housed gopher snakes for field tests on sand in aquaria in the animal quarters at the Southwestern Research Station, which was an open screened area under natural photoperiod and temperatures. The snakes were offered mice every 7-10 days. We transported snakes by automobile to and from the field in large, cotton bags and placed them in their home cages immediately after returning to the research station each night Rats used in the laboratory study were live-trapped in south- a VT with a night vision scope mounted on a tripod outside the center of the arena. Lanterns on 2 m poles on each end of the enclosure provided dim light for the scope. Soil in the area was raked thoroughly between tests to control for olfactory cues.
Snakes could move from die center of the arena toward an adult D. specUMUs that moved freely in 52.7 X 15.5 X 155 cm open wire-mesh cages. We positioned one rat at the back of the seismic thumper and die other rat without the thumper approximately 1 m from die ends of the arena. Footdrumming by die rats was dampened with a 2.3 cm layer of foam rubber on the bottom of die cage. We buried die diumper 1.3 m from die end of die enclosure in a 30-cm deep hole and covered it with a wooden box and soil so there was no visual evidence of its presence. Location of die diumper was shifted to control for position effects. Therefore, half die snakes in a sample heard footdrumming coming from one direction and die other half heard it from die opposite direction.
We introduced snakes into die center of die test arena, one at a time, in their cotton bags. Appearance of die snake's head from die bag marked die beginning of die test. We recorded quiedy into a hand-held tape recorder die time snakes sampled dieir environment by moving their heads and flicking dieir tongues and die time to travel to die end of die arena. A test ended when die snake struck at die caged rat, reached die end of die arena, or laid in die bag widiout moving for 45 min.
We tested snakes diat varied in hunger for dieir responses to die footdrumming patterns. Injury 1990, we tested six large gopher snakes > 1 m that had been kept at die Soudiwestern Research Station since capture and dius had been widiout food for at least 2 months. In July 1991, we tested 14 snakes ranging from 0.82 to 13 m in length and weighing 214-998 g for dieir responses to die territorial and snake footrolls of diree different rats, selected at random, so diat half of die snakes were tested first for dieir response to die territorial footdrumming and half to die snake footdrumming. We only used data from die first test, however, because snakes tended to move in die same direction die second time in die arena as in die first independent of die position of die diumper. We fed die snakes when captured and deprived diem of food for 4 weeks to control for hunger.
In July 1992 we conducted a diird experiment. We tested 18 snakes diat differed in die amount of time deprived of food for dieir response to die snake footrolL We captured 12 snakes ranging from 0.69 to 1.26 m and weighing 100-1136 g (average 525 g). The remaining six snakes weighed an average of 753 g and had been in die laboratory since 1991 and returned to Arizona by car in 1992. We divided die 6 snakes evenly between 2 food regimes and tested 8 snakes widiin 1 week of eating 1-2 mice and die remaining 10 snakes after being deprived of food for 6 weeks. The snakes deprived of food showed a significant weight loss of 23 g (« = 3.18, df -9, p -.01).
Because we predicted die snakes would move away from die diumper, we tested for choice as determined by direction moved widi a one-tailed binomial test. We compared hungry and nonhungry snakes for die time it took to reach die end of the test arena widi a 2 (hungry and nonhungry) X2 (drumming and no drumming) ANOVA after data were normalized widi log-transformations (SYSTAT, Wilkinson 1990). We designated snakes diat had not eaten in 6 weeks or more as hungry (n « 15) and snakes diat had eaten in 4 weeks or less as nonhungry (n = 21).
Drumming and nondrumming rats
Because only a portion of D. sptctabihs drum consistendy in laboratory tests, we could compare snake responses to drumming and n on drumming rats. We tested 10 gopher snakes (434-1240 g) from December 1992 to February 1993 in encounters widi four rats diat were active footdrummers and four rats diat had "never drummed during a rat-snake interaction. We fed die snakes a regular diet of live mice and water but deprived diem of food for 5 weeks before a test to increase dieir predatory behavior. We were unable to use data from diree snakes because rats failed to footdrum as predicted or die snake captured die rat.
We analyzed videotapes of nine additional animal* ranging in size from 200 to 791 g diat were used as stimulus animah widi rats in odier experiments (Randall JA, Matocq MD, Hatch SM, unpublished data). All procedures were die same, except we deprived die snakes of food 2-4 weeks instead of 5 weeks.
We used procedures developed by Randall et al(1995) in all tests. We staged 15-min interactions in die laboratory in a large 4X1.2X1 m rectangular arena widi OS m of sand in die bottom. We habituated bodi die snake and rat to die arena. The snake moved freely in die arena for 1 h. We removed die snake, raked die sand dioroughly to distribute odors, and introduced die rat into die arena in its tin can burrow for 24-36 h widi food and in a normal lighcdark cycle.
We videotaped 15-min encounters between a rat and snake simultaneously under red lights widi two 8-mm video, low-light intensity cameras on tripods from a raised (2 X 2 X 0.675 m high) pladbrm positioned 1.0 m from die end of die experimental arena. We focused die video cameras directly into die arena or on a 1.35X1.2 m mirror suspended at a 20 s angle at die end of die arena opposite die camera. Filming began 3-5 h into die dark cycle immediately after removing die tin can burrow.
We reintroduced die snake into die opposite end of die arena from die test subject. An encounter was initiated when eidier die rat or die snake approached to widiin 1 m and an interaction occurred, which we defined as a change in behavior of die animal being approached. Capture of a rat (n =• 3) by die snake caused immediate termination of die test and removal of die rat from die snake. We returned bodi die rescued rat and die snake to dieir respective home cages and fed die snake laboratory mice. Sand in die arena was raked dioroughly after each test.
We compared behavior of die 16 snakes in diree 5-min segments for dieir responses to drumming and nondrumming rats in (1) time stalking defined by an approach of a snake to widiin 1 m and continued monitoring of die rat until die snake moved away and (2) number of approaches that resulted in stalking. We also counted the number of footroHs drummed by rats in response to stalking snakes. We analyzed data with multivariate repeated-measures tests, after log transformations, in a 2 (drumming versus nondrumming)XS (times) design. If dgnifiranf Fkesa were found with Wilks' lambda, we did paired / tests with Bonferroni corrections.
Snake behavior was examined in more detail in tests with drumming rats. We tabulated the number of approaches, moving away and lying with head oriented toward footdnimming rats. Neutral behavior consisted of moving around the edge of the arena with no noticeable response to the rat Because we found no measurable difference* across time, we combined the data, and, after log transformation, compared the four behaviors with a one-way ANOVA and paired t tests with Bonferroni corrections. Data are presented as means ± SE.
Footdrt j directed to
RESULTS
Comparison sod territorial footdrmmiiing Footdrumming signals
All rats drummed different patterns in the territorial and snake contexts as determined by «ign Hi r^pt Wilks' lambda. The rats changed the two signal elements of the footdrumming pattern that account for individual differences in territorial drumming (Randall, 1989) , the number of fbotdrums in the first footroll, and the number of footrolls in a sequence (Figure 1 ). Paired t teats of the means of these two signal elements for each rat in each context showed a «igntfimnt decrease by 7.68 footdrums in the average length of the first footroll (t -» 6.47, df -14, p -.0001) and an average increase by 5.6 footrolls in the number of footrolls in a sequence (/ " 4.29, df -14, p -0.001; Figure 1) .
Mothers altered the same signal elements that were changed by adult rats without offspring. In the presence of f?t^«. they decreased the average length of the first footroll in their territorial footdrumming by 3.6 footdrums (t «• 2.4, df ™ 5, p •» .058) and increased die average number of footrolls in a sequence from 5.0 ± 0.7 in die territorial context to 8.2 ± 0.5 in the snake context (( -5.1, df • 5, p -.004). Drumming rate significantly increased from 18.0 ± 1.7 fbotdrums/s during territorial drumming compared with 20.5 ± 1.7 footdrums/s during die snake footdrumming (!« 2.8, df -5, p -.058).
Footdnimming in die presence of snakes did not attract conspedfics. No neighbors visited territories of drumming rats during the tethered-snake trials.
Playback tests
The rats altered their drumming with die type of playback (main effect for playback: F ra -4.76, p -.014; Figure 2a) . They fbotdmmmed significantly more to die territorial playback than to die control (t « 2.32, df » 14, p <.05). The amount of drumming did not differ significantly between die snake playback and the control, between the territorial and snake playbacks after die Bonferroni correction (p >.O5), or between die test and post-test (F lta -0.98, p •» .33). The playback by tune interaction was not significant {F± a •» 2.06, p = .14).
The rats spent similar time out of die mound during each playback (F %At «= 0.26, p -.77): 3.2 ± 0.9 min during the hammer thumps, 2.5 ± 0.9 during die snake playback, and 2.81 ± 0,85 dumg the territerial playback. The average total time out of the mound during die playback test was 2.82 ± 0.9 min, compared with die post-test time of 4.6 ± 1.2 min (*i.« " 3 -32 . P " °7 6 )-The r* 0 approached die speaker an average of two to three times during die 10-min test and posttest periods for all three stimuli.
Signal to adult neighbors
Dipodomys sptctabiBs did not respond to playbacks of antisnake footdrumming of neighbors. In the first test, neighbors did not differ significantly in die number of footrolls drummed in response to playbacks of die territorial, snake, and hammer control (Freidman's -4.625, df -> 2, p » .099;  Figure 2b ). In me second test, few rats drummed in response to broadcasts of neighbor footdrumming. Six of 10 rats drummed during die test and post-test of the territorial playback. No rats drummed during die snake playback, and only diree drummed during die post-test of the snake playback.
Two rats drummed in die pretest
The neighbor rats seemed to hear die playback broadcasts; mey stopped activity and stood in alert postures when die playbacks began. The number of alert postures did not differ significantly, however, in die two playback contexts(.Fj, ls » 0.93, p -.45). The rats exhibited 6.8 ± l& alert postures during die playback of die territorial footdnimming compared with 4.4 ± 1.7 during the snake playback. Pretest and post-test responses were similar (p > .05). The rats stood alert 8.5 ± 2.85 times in die pretest and 5.1 ± 2.4 during die posttest of the territorial playback and 4.9 ± 0.95 in die pretest and 6.8 ± 2.8 in the post-test after die snake playback. They spent about die same percentage of time out of die mound, widi 54.4% out during die territorial playback and 56.9% out during the snake playback.
Signal to offspring
Females with pups footdrummed at higher rates than those with no pups and actively came closer to die snake (Table 3) . Nine of 10 mothers drummed compared widi 4 of 7 nonmothers (Fisher's Exact test, p < .05). Mothers drummed 62% of dieir fbotroDs on the mound at an estimated distance of 0.3-13 m from die snake. Only two of seven nonmothers drummed out of die mound. Eight mothers approached die head of die snake, compared widi only two nonmothen. AH females were very active when a snake was present, and both mothers and nonmothers spent a majority of time out of die mound. Other behaviors did not differ significantly (Table 3) .
Most mothers (80%) had vulnerable pups in tile burrow that were quiet and did not exit the mound or footdrum inside the burrow when die mother drummed during a test Only one rat at a time drummed inside die mound and was presumed to be die mother.
Co
Response to seismic thumping Snakes detected die seismic vibrations but did not differentiate the snake and territorial drumming ( Table 4 ). Snakes that had not eaten in 6 weeks or more took 11.7 ± 3.0 min (n " 6 snakes from 1990) to reach the end of die arena widi die territorial footroll compared widi 9-5 ± 1.5 min to reach the end of die arena widi die snake footroll (n -4 snakes in 1992; t -036, df = 8, p >.O5).
Hunger influenced tile snakes' response to die seismic thumping. Snakes that had recently eaten tended to move to the end of the area without die thumper (16 of 21; Table 4 and nondrununing rats 0.13 ± 0.1 times in the last 5 min of the test. The snakes exhibited four different responses to the footdrumming rats (main effect for response: F i3> -6.7, p -.006). They moved both toward and away from drumming rats, oriented to the drummer, and engaged in neutral behavior of exploring the arena (Figure 5 ). The snakes explored the test arena at a consistently higher rate than they engaged in any other behavior. They averaged 8.3 ± 1.5 explorations 
DISCUSSION
We are able to answer the question of why D. sprctabilis footdrums in the presence of snakes from tests of alternative hypotheses summarized in Table 1 . In general, we reject the hypothesis that D. sptttabilis footdrums to warn conspedfics, except in the case of mothers with young, and accept the hypothesis of footdnimming directed to the snake. The kangaroo rats footdrum after an initial interaction with a snake to deter its continued pursuit, rather than as a signal of detection or to harasses, startle, or confuse the snake.
; directed to adult conspedfics
It is unlikely that D. sptctabiHi footdrums to warn neighbors of danger (Table 1) . First, D. spectabihs is a solitary specie*, and both males and nonreproductive females drum in the presence of snakes in the absence of conspecifics in both the field and laboratory (Randall and Stevens, 1987; Randall et aL, 1995) . In contrast, rodents that emit alarm calls to warn Table 5 OTiiUxrlnTii of responses of fc ale* with young and whh no young m the natal mound to a gopher snake tethered at the base of the ñ imiiwl dm lug a 10-mm test ( conspedfics of danger only call when relatives are nearby (Hoogland, 1983 (Hoogland, , 1996 Sherman, 1977) . Second, neighbors did not respond to the snake footdrumming. Although the territorial and snake drumming patterns differed, the rats failed to respond to playbacks of the snake footrolL In contrast, the rats discriminated playbacks of territorial footdrumming from the general thumping of a hammer and drummed more to the territorial drumming than to the snake drumming. These results are consistent with behavior observed in other experiments in which rats recognized differences in territorial footdrumming patterns (Randall, 1994) . If the snake footroll communicates predation risk, the rats should be able to discriminate the signal and respond Third, the drummer may gain little benefit from warning neighbors. Neighbors can be unrelated as well as related, and the distribution of territories makes it impossible for D. spectabiUs to direct its footdrum warning to benefit only neighboring kin. Furthermore, the drumming fails to recruit conspecifics for mobbing or to cause confusion (Caro, 1986a 
uzrcctco to
The data support the hypothesis that mothers footdrum in the presence of snakes to protect vulnerable offspring (Table  1) . Kangaroo rat mothers respond more intensely than nonmothers to the presence of a snake by footdrumming at higher rates and coming closer to the snake. What is unclear is whether females footdrum to warn their pups of a snake on the mound or if the behavior is directed toward the snake. Table 1 ). The rats drummed the snake footroll in the absence of conspedfics, and a decrease in stalking behavior of the snakes was highly correlated with an increase in footdrumming by die kangaroo rats. Snakes have been observed leaving the mound during natural interactions in the field (Randall and Stevens, 1987) . Hence, footdrumming seems to decrease predatory behavior of the snake and possibly inhibits further pursuit Footdrumming, therefore, seems to communicate to the snake that the rat is alert and aware and thus that the snake's chances of successful capture are low. The continuous series of footroDs may function as a tonic signal to maintain the snake's attention (Hersek and Owings, 1993) . The long, repeated rhythmic bouts of footdrumming may be the most efficient way for a rat to communicate directly to the snake. We suggest that the change in footdrums from the territorial to the snake footroll is a scaling change. The rats increase footroll repetition rate as they grow more excited, which could communicate increased arousal and enhanced awareness of the snake by the rat.
We reject the hypothesis that footdrumming informs the snake of detection, because antipredator drumming always occurs after an encounter with the snake, not at first sighting. We have never seen a rat begin to footdrum in the presence of a snake before it has approached and interacted with it (Randall et aL, 1995, this study). More likely, the physical approach of the rat to the head of the snake informs it of detection and that the chances of ambush are lowered. Antipredator behavior continues when the rat footdrums an intense series of short fbotrous at a safe distance to inform the snake its presence is being monitored. Rats footdrummed when they interacted with more predatory snakes, which suggests that predatory beHaVfor of (he fnake increases the probability that a rat will footdrum.
We are unable to rule out that footdrumming communicates a healthy condition and the ability to avoid predation (Caro, 1995) . We have no evidence that rats in poor condition fail to footdrum or are more vulnerable to snake strikes. We do have evidence that very old rats footdrum in the presence of snakes and can avoid snake strikes as well as younger rats (Randall JA, Matocq MD, Hatch SM, unpublished data).
Finally, there is little evidence that footdrumming alone confuses, harasses, or startles snakes. The snakes that moved toward the end of me arena with the seismic thumper did not avoid the vibrations and moved over the top of the buried thumper to reach the caged rat. The f?fc*^ exhibited no obvious sign of discomfort or confusion when responding to the artificial thumper or when a rat footdrummed. Sometimes snakes pulled their head back and hissed defensively at the approach of a rat, but this behavior was never observed in response to footdrumming alone. We never observed rats biting or physically harming a snake.
We conclude, therefore, that D. spedabiUs footdrums in the presence of snakes to communicate continued awareness of the location and presence of the snake. Footdrumming functions as a less dangerous defense than contact with the snake to deter pursuit after the rat has initially approached the snake and interacted with it Do snake* locate prey from footdrammmg?
Our results suggest that hungry ima^r* may locate kangaroo rats from their territorial footdrumming. Hungry snakes moved toward the seismic thumper during drumming of both the territorial and snake footrolls, while nonhungry snakes tended to move away from the drumming. By locating the territorial footdrumming of kangaroo rats, hungry snakes could save search time.
Some predators are able to use their prey's intraspecific interactions to locate their prey (Ryan et al., 1981; Tuttle et aL, 1982) . A third party can eavesdrop on a dyadic interaction because any attempt to reduce eavesdropping may decrease effectiveness of die signal (MarU, 1985) . Snakes, therefore, could locate kangaroo rats by their territorial advertisement Hungry snakes often travel long distances in search of rodents with patchy distributions (King and Duvall, 1990 ). Occupied D. spettabiHs mounds can vary considerably from year to year in some areas, so it would be to a snake's advantage to locate an area of occupied mounds from the territorial footdrumming and then wait in ambush of individual rats at specific locations.
